opment as they are a general set for consideration in many of the project areas for combining environmental information discussed herein.
Criteria and Dose-Response Assessment Methodologies
Basic statistical research into combined data analyses over multiple studies has included applications in ecotoxicology (4), business/economics (5) and other social sciences (6) , and biomedical settings (7) (8) (9) . Indeed, the commonly coined term for the method is "meta-analysis," although statistical methods for combining information extend beyond this single area of research. This was recognized by the chair of the next workshop session, I. Olkin of Stanford University, a major contributor to research in meta-analysis (10 In a short discussion of the ETS study, the discussion leader, D. Gaver of the Naval Postgraduate School, emphasized that in epidemiologic studies with diverse populations (e.g., multiple countries or regions) subjects often exhibit excess person-to-person variability. This sort of extra variability (or "overdispersion") is an important concern: it must be incorporated carefully in the statistical analysis or incorrect inferences can result (11) . Also, improper data standardization among studies can lead to excess study-to-study variation. Here again, the analyst must make certain that data standards are made uniform or calibrated across studies to avoid unexpected overdispersion and incorrect inferences.
The session continued with additional presentations on environmental epidemiologic studies, each calling for greater statistical research into data combination and consequent analyses. A summary by D. Kotchmar of EPA on an EPA meta-analysis of respiratory damage after indoor exposure to nitrogen dioxide highlighted the ability of meta-analytic techniques for synthesizing diverse outcomes and assessing study-to-study similarity [see Hasselblad et al. (7) issues and to raise concerns about others, the session also provided opportunities for presentations on current statistical approaches for these problems. For instance, a presentation on use of benchmark doses for risk assessment and its statistical implications by V. Hasselblad of Duke University provided an excellent springboard for discussion on statistical methods for parameter estimation over many data sources. The specific form of statistical methodology highlighted was Bayes analysis, where variation over multiple sources is incorporated via a mathematical, prior distribution function (15) . The analysis can incorporate uncertainty in the response measure for combining response data from individual studies. Specific attention was directed at improved estimation of benchmark doses and no-observed-effect levels from studies of noncancer endpoints. For a given environmental stimulus of interest, the method allows for statistical combination of data across endpoints (16) . The discussion that followed, led by W. DuMouchel, considered a number of complementary statistical approaches, including a novel suggestion of weighted linear regression (17) to mimic the data combination effect by viewing it as a heterogeneous variance setting or use of standard random effects models (18, 19) to incorporate differential effects of the data combination over multiple studies. Random effects analyses are quite similar in nature to Bayes analyses for many statistical models (20) (21) (22) . In practice, the propriety of one method over the other may be determined by which is most easily implemented given the computer resources available to the analyst. Indeed, a modern interactive computing environment is almost essential for the analysis of complex environmental data, and those methods that take best advantage of the full range of modern exploratory statistical graphics (23) (24) (25) (26) (27) . The method was shown to allow for estimation of various parameters of interest, including the benchmark dose, the median effective dose (ED50 ), etc. Some caveats were raised, however, including the perhaps obvious concern that any method of analysis must possess proper motivation from the subject matter: is a true response curve approximately linear or linear-logistic at low doses, or is there a nonlinear threshold effect? Indeed, how one would combine studies with different response curves was cited as an important, unsolved area of statistical research for environmental applications. Also raised were concerns about proper study design, including number and spacing of doses, when preparing studies of this sort. Some research has appeared on design considerations in these areas (28) (29) (30) , but it was argued that much more remains.
Combining Environmental Data for Statistical Reporting
The next workshop session on hazard identification concerned statistical reporting of results. An overview of these concerns by B. Nussbaum of the EPA identified the issue as a natural one for statistical study, especially when results from previous studies are used to determine if or how further study of an environmental hazard is to be performed. Proper statistical reporting can obviate the need for further studies, saving resources for other projects.
The first presentation of this session, by B. Sinha of the University of Maryland, discussed a statistical method for combining data from several locations within one single site, such as a Superfund waste site. The method was formulated as a combination of F-statistics from multiple tests of hypotheses at each site, with an adjustment to correct for multiplicity. A special case of this application was presented next by N. Nagaraj of the University of Maryland and R. Shafer of the EPA. At issue was assessing nutrient loading due to pollution in Chesapeake Bay. (The study is in the planning stages.) A benthic index was devised to measure the pollutant effects and will be used by multiple agencies studying the bay. A mapping procedure was constructed to incorporate relevant aspects of the aquatic community that contribute to the index. The mapping must be as robust as possible to spatial variations; to achieve this a hybrid analysis was proposed, using features of robust multiple regression (31, 32) and a form of data combination known as kriging (33, 34) . Enhanced ability to report the data for public use is anticipated.
The session also included a presentation on international standards for data reporting by B. Bargmeyer of the EPA. Critical to the use and sharing of environmental data is the need to set unambiguous standards for naming, defining, and documenting data elements, yet the fundamental principles of such data representation are barely in place. It was noted that EPA is working with national and international standards bodies to establish these data standards.
Discussion on all these issues in statistical reporting, led by K. Reckhow of Duke University and D. Carr of George Mason University, emphasized the basic needs: standard forms for plotting data, recognizing spatial effects, and identifying correct statistical features of the spatial variability. Guidance was called for from subject-matter scientists working in appropriate environmental areas, especially where data quality varies. Participants were reminded that spatial features of water sources such as the Chesapeake Bay can be deceptive and may be improperly modeled and analyzed. Bayes-type models and meta-analyses (see above) can be useful here, but robustness and/or resilience of any method to unrecognized spatial (or other) variations is a critical characteristic. Further study is necessary, and this promises to be an important and active area of future interdisciplinary, environmetric research.
Summary
Workshop proceedings and summary reports will appear in scientific periodicals and will also be available in various forms as technical reports from the NISS in Research Triangle Park, North Carolina. In particular, study papers from the workshop will be prepared that will serve as indicators of further research directions, as well as current summaries of the complex issue of combining environmental data. Potential applications and improvements in associated areas of scientific/statistical research include census sampling, geostatistics, and biological effect modeling.
This workshop was an experiment in how to stimulate and foster research and collaborations across disciplinary lines. Its motivation derives, however, from evergrowing social, political, economic, and scientific needs; with such strong background, it is hoped that the workshop stimulus will be strong, compelling, and fruitful.
